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Description 

PHOSPHITE ESTER ADDITIVE 
COMPOSITIONS 

Cross Reference to Related Applications 

[0001] This application is a continuation-in-part of United States 

patent application serial no. 10/086,619, filed March 1, 

2002 which claims priority from United States provisional 

patent application serial nos. 60/315,746 filed August 29, 

2001, 60/314,181 filed August 16, 2001 and 60/273,303 

filed March 2, 2001. 
Background of Invention 

[0002] Th e invention relates generally to improving the perfor- 
mance and reducing the heavy metal content of PVC com- 
pounds by the partial or total substitution of conventional 
mixed metal stabilizers with phosphite esters, especially 
blends thereof, with an effective amount of added zinc as 
the only added metal. 

[0003] The PVC industry began with the invention of plasticized 
polyvinyl chloride ("PVC") by Waldo Semon of the B. F. 



Goodrich Company in 1933 as an alternative to natural 
rubber where its non-flammability made it ideal for wire 
insulation, particularly on naval ships. However, unlike 
rubber, PVC has a tendency to discolor and is not easy to 
process well. Stabilization is required to perform two basic 
functions: (1) prevent discoloration; and (2) absorb hydro- 
gen chloride (HCI) which evolves during processing. It is 
believed that billions of pounds of flexible PVC are em- 
ployed throughout the world in a wide variety of commer- 
cial applications. These include vinyl flooring, wall cover- 
ing, roofing, pond and pool liners, film, upholstery, ap- 
parel, hose, tubing and wire insulation. 
[0004] pvc thermal degradation is the result of a zip dehy- 

drochlorination process that involved allylic chlorides and 
that is accelerated in the presence of hydrochloric acid. 
Discoloration observed during PVC degradation is due to 
the formation of conjugated polyene sequences of 5 to 30 
double bonds (primary reactions). Another phenomenon 
known in PVC degradation is chain scission and crosslink- 
ing. This step is likely to occur in the presence of oxygen 
(auto oxidation) or during the ultimate steps of thermal 
degradation, leading to a dramatic change in PVC me- 
chanical properties and rheology. PVC degradation rate is 



strongly influenced by structural defects concentration, 
HCI formation or any strong Lewis acid or base, oxygen 
inducing auto oxidation. The role of a stabilizer is then to 
be: able to substitute the structural defects by more stable 
groups (via nucleophilic substitution); stop the zip dehy- 
drochlorination by substituting an allylic chloride formed 
during PVC degradation; and scavenge HCI evolved that 
accelerates during the degradation process. Complemen- 
tary actions of a stabilizer include: an antioxidant role 
(reaction with free radicals formed); reaction with species 
formed that can accelerate degradation (mainly Lewis 
acids); and lubrication. 
[0005] one type of stabilizer is a tin-based stabilizer. Organotin 
compounds with at least one tin-sulfur bond are generally 
called organotin mercaptides, sulfur-containing tin stabi- 
lizers, or thiotins or thio-glycollates. Organotin salts of 
carboxylic acids, mainly maleic acid or half esters of 
maleic acid, are usually known as organotin carboxylates 
or maleates, and the corresponding stabilizers are some- 
times called sulfur-free tin stabilizers. These stabilizers 
act as HCI scavengers by chemical reaction generating the 
corresponding tin chloride. They also eliminate and/or re- 
place labile chlorides which initiate dehydrochlorination 



(defect site destruction). They also react with free radicals 
formed as well as interrupt color development by the ad- 
dition of mercaptide acids on polyenes. One very signifi- 
cant drawback of organotin mercaptides is their strong 
and repulsive odors. Aliphatic thiols are flammable and 
toxic by inhalation. 
[0006] it is well-known that dehydrochlorination of PVC proceeds 
violently in the presence of Lewis acids such as FeCI 3 , 
ZnCI , AICI , SiCI , GeCI , BCI and GaCI . This process is 
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responsible for the very fast discoloration of PVC in the 
presence of Zn or Sn carboxylates that act as stabilizers 
until the corresponding halides are formed and fast dehy- 
drochlorination starts. 
[0007] it should however, be recognized that tin is also a heavy 
metal and it has raised concern in Europe about its toxi- 
cology. It also has a blackening problem when in contact 
with lead stabilized product, thereby limiting its applica- 
tion in recycle applications in that the recycled and re- 
compounded product will turn black. The tin stabilizers 
typically have very strong odors, particularly the mercap- 
tides. Since 1988, the United States has banned the use of 
paints containing organotin on water vessels that are 
shorter than 25 meters in length (see the Organotin An- 



tifouling Paint Control Act). The United Nations Marine En- 
vironment Protection Committee has proposed a world- 
wide application ban on tributyl tin based antifoulant 
paints with a total ban to take effect in January 2008. Ad- 
ditionally, in Europe and Japan, increasing pressures have 
been mounting on PVC additives, for organotin stabilizers 
(butyltins in particular). The Netherlands, Denmark, and 
Sweden have initiated studies into organotins and some 
have already passed regulations restricting the use of 
organotin stabilizers. The German Automobile Manufac- 
turers Association at one time was considering a ban on 
all organotins in automobile manufacturing based on 
these environmental issues. 

[0008] The FDA has also placed limits on organotins to 3% in 
plastics that contact food (U.S. FDA 21 C.F.R. 178.2650 
2000). In addition to concerns about organotin content of 
various plastics, there is also the issue of worker exposure 
to much higher levels of these compounds when plant 
personnel handle the pure tin-containing additives. 

[0009] The substitutes for tin stabilizers are manufactured from 
lead or mixed metals such as calcium/zinc. Lead stabiliz- 
ers have the benefit of low cost, but are declining in use 
due to environmental concerns. Mixed metal stabilizer 



technology is more expensive than tin, and is also less ef- 
fective in stabilization. Mixed metal heat stabilizers are 
complex multi-component chemical admixtures based 
upon combinations of alkaline earth and heavy metal salts 
with a variety of antioxidants, HCI absorbers and chelating 
agents. The most widely used mixed metals are based 
upon and referred to as Barium-Cadmium, Barium- 
Cadmium-Zinc, Barium-Zinc and Calcium-Zinc stabilizers. 

[0010] However, mixed metal heat stabilizers suffer from several 
drawbacks. If the level of zinc is too high, the polymer will 
char very rapidly. Additionally, barium and cadmium are 
toxic heavy metals which while they do provide heat sta- 
bility, their presence adversely affects clarity, plate out 
and stain. In order to counteract these negative effects, 
further additional components were blended into the for- 
mulations, making PVC additive formulation and process- 
ing a highly unique and specialized art. Clearly, what was 
needed was an approach which used higher performance 
phosphites and added back only what was needed. 

[001 1] phosphites can stabilize the PVC in a variety of mecha- 
nisms. They have been shown to scavenge HCI and re- 
place labile chlorine (via the Arbuzov rearrangement), add 
to double bonds, decompose peroxides and complex 



Lewis acids. The need for heavy metals such as cadmium 
and barium can be eliminated by choosing the correct 
phosphite and optimizing the level of zinc in the PVC for- 
mulation. The phosphites were chemically designed to 
build mechanism into the molecule itself to perform the 
various functions required to stabilize flexible PVC. The 
resulting complex phosphite esters are liquid stabilizers, 
designed to be used either as partial or full replacements 
of mixed metal stabilizers in conjunction with small, but 
effective amounts of zinc. 
[0012] This invention illustrates the manner in which various 

phosphite esters and phosphite ester blends can be used 
to augment, and replace, partially or completely, heavy 
metal components of mixed metal vinyl heat stabilizers, 
especially for both flexible (preferred) and rigid PVC. The 
invention eliminates essentially all metals, preferably all 
metals (e.g., Ba, Cd, Pb, Sn, etc.) with the exception of 

small amounts of zinc. 
Summary of Invention 

[0013] The invention discloses specific phosphite esters which 
when used in conjunction with small carefully controlled 
quantities of active zinc compounds, can replace partially 
or completely conventional high performance state of the 



art commercial mixed metal and tin-based heat stabilizers 
on a part for part basis, while not only retaining, but actu- 
ally improving the high heat stability and performance of 
the barium cadmium zinc or barium zinc products. Con- 
currently, and also surprisingly, the direct replacement of 
the barium cadmium zinc and barium zinc based stabiliz- 
ers with the phosphite based compositions of the inven- 
tion improve a multitude of ancillary and final properties 
of the PVC compounds. 

[0014] The invention is directed to an additive composition which 
substantially reduces the content of mixed metal stabiliz- 
ers based upon the toxic metals of barium and cadmium, 
by replacing those stabilizers with essentially toxic metal 
free phosphite ester compositions disclosed herein with 
small (catalytic, in the ppm range) amounts of zinc. 

[0015] it is another object of this invention to improve certain 

ancillary properties of all mixed metal stabilizers, includ- 
ing calcium zinc types, with regard to their ability to im- 
prove initial color retention, clarity, plate out resistance, 
volatility, printability and compatibility of flexible PVC 
compounds by methods disclosed herein. 

[0016] it is yet another object of this invention to disclose a 

method of totally replacing mixed metal stabilizers with 



essentially toxic metal free phosphite ester compositions 
disclosed herein with small (catalytic) amounts of zinc. 
[0017] These and other objects of the present invention will be- 
come more readily apparent from a reading of the follow- 
ing detailed description taken in conjunction with the ac- 
companying drawings wherein like reference numerals in- 
dicate the parts and appended claims. 
Brief Description of Drawings 

[0018] The invention may take physical form in certain parts and 
arrangements of parts, a preferred embodiment of which 
will be described in detail in the specification and illus- 
trated in the accompanying drawings which form a part 
hereof, and wherein: 

[0019] FIG. 1 is a graph over time of the impact on oven aging by 
varying the class of phosphite stabilizer used to stabilize 
PVC (as measured by Yellowness Index) using 100 parts 
PVC resin, 45 parts dioctyl phthalate, 20 parts CaC0 3 , 5 
parts epoxidized soybean oil, 0.25 parts stearic acid, 0.2 
parts zinc stearate, and 2 parts of various classes of 
phosphites; 

[0020] FIG. 2 is a graph over time of the impact of oven aging by 
varying the amount of added zinc used with diphenyl 
ethylhexyl phosphite (as measured by Yellowness Index) 



using 100 parts PVC resin, 45 parts dioctyl phthalate , 20 
parts CaC0 3 , 5 parts epoxidized soybean oil, 0.25 parts 
stearic acid, 2 parts diphenyl ethylhexyl phosphite, and 
various amounts of zinc stearate; 

[0021] FIG. 3 is a graph over time of the impact on oven aging by 
varying the amount of tetraisodecyl bisphenol A diphos- 
phite used to stabilize PVC (as measured by Yellowness 
Index) using 100 parts PVC resin, 45 parts dioctyl phtha- 
late , 20 parts CaC0 3 , 5 parts epoxidized soybean oil, and 
0.2 parts zinc stearic acid and various amounts of bisphe- 
nol A-based phosphite; 

[0022] FIG. 4 is a graph over time of the impact on oven aging by 
varying the phosphite or phosphite blend used to stabilize 
PVC (as measured by Yellowness Index) using 100 parts 
PVC resin, 45 parts dioctyl phthalate , 20 parts CaC0 3 , 5 
parts epoxidized soybean oil, and 0.25 parts stearic acid, 
0.25 parts zinc stearate and 2.0 parts phosphite or phos- 
phite blend; 

[0023] FIG. 5 is a graph over time of the impact on oven aging by 
comparing a phosphite of the instant invention (i.e., 
tetraisodecyl bisphenol-A diphosphite / poly DPG phenyl 
phosphite blend with 2.5% zinc octanoate) to Prior Art PVC 
stabilizers (as measured by Yellowness Index) using 100 



parts PVC resin, 25 parts dioctyl phthalate , 25 parts 
CaC0 3 , 3 parts epoxidized soybean oil, 7.0 parts Ti0 2 , 
and 0.5 parts stearic acid and 4 parts of stabilizer; 

[0024] FIG. 6 is a graph over time of the impact on the QUV 

weathering test by comparing a phosphite of the instant 
invention (i.e., tetraisodecyl bisphenol-A diphosphite / 
poly DPG phenyl phosphite blend containing 2.5% zinc oc- 
tanoate) to Prior Art PVC stabilizers (as measured by Yel- 
lowness Index) using 100 parts PVC resin, 55 parts 7-11, 
3 parts epoxidized soybean oil, 7.0 parts Ti0 2 , and 0.3 
parts stearic acid and 3.5 parts of stabilizer; and 

[0025] FIG. 7 is a bar chart of percentage weight loss of various 
stabilizers and a phosphite ester blend of the present in- 
vention after 2 hours at 110°C illustrated in Table VI. 
Detailed Description 

[0026] Referring now to the drawings wherein the showings are 
for purposes of illustrating the preferred embodiment of 
the invention only and not for purposes of limiting the 
same, the Figures show various comparisons of phosphite 
ester / Zn additive compositions with that of various Prior 
Art additives. As illustrated in FIG. 1, the efficacy of all 
classes of phosphites is not equivalent. The hydrogen 
phosphites are the least effective class of phosphite es- 



ters, whereas the bisphenol-A phosphites as well as the 
dipropylene glycol phosphites showed extended resis- 
tance to yellowing over time. Within each class of phos- 
phite, the performance for particular phosphites was very 
similar. 

[0027] The level of zinc present in the stabilizer affects the per- 
formance of the additive. As noted in the Prior Art, early 
color is improved with added zinc. However, as shown in 
FIG. 2, a window of optimum zinc level exists, the specific 
range of the window being somewhat unique for each 
phosphite class. If the zinc concentration is too low, the 
early color will not be acceptable. If the zinc concentration 
is too high, the PVC will char at earlier exposure times. 
This effect is displayed for an alkyl-aryl phosphite (i.e., 
diphenyl ethylhexyl phosphite) in FIG. 2, although the re- 
lationship is demonstrated for all classes of phosphite es- 
ters. 

[0028] Although the zinc level has an optimum value for effec- 
tiveness, the level of phosphite does not appear to be as 
sensitive. In general, the long-term color improved with 

an increase in the level of phosphite as shown in FIG. 3. 

® 

The increase in phosphite level (i.e., Doverphos 675, a C i 
bisphenol A phosphite) had little effect on the color of the 



PVC strip before 50 minutes, but extended the final char 
time to greater than 120 minutes. Again, this trend was 
observed for most classes of phosphites. Thus phosphites 
can replace other heavy metal stabilizers by complexing 
acidic Zn, in addition to reacting with labile chlorides and 
HCI. 

[0029] Synergistic effects were observed using combinations of 
phosphite classes. FIG. 4 displays blends of alkyl-aryl, 
DPG and BPA based phosphites. The total concentration of 
phosphite remained constant at 2.0 phr. It is obvious that 
the addition of a higher performance phosphite such as 

Doverphos 12 (poly (dipropylene glycol) diphosphite) in- 

® - 

creases the performance of Doverphos 9-EH (diphenyl 
ethylhexyl phosphite) when blended at a ratio of 1:1. More 
than one phosphite can be blended into the composition 
as shown by the 1:1:1 blend of three phosphites (i.e., 
Doverphos 675/9-EH/12) in which it is shown that the 

performance slightly exceeded the performance of Dover- 

® 

phos 12 by itself. This is significant for cost performance 

® 

since Doverphos 9-EH is the most cost-effective com- 
mercial phosphite. A blend could be used to deliver simi- 
lar performance but with the benefit of lower cost. 

® 

[0030] A 1:1 phosphite blend of Doverphos 675/12 was com- 



pared to two typical commercially available Prior Art 
mixed metal stabilizers in FIG. 5. The commercial samples 
included a Barium-Cadmium and a Barium-Zinc stabilizer, 
in addition to other costabilizers. The blend of phosphites 
of the instant invention combined with zinc stearate out- 
performed the mixed metal stabilizers. Other advantages 
include better long-term heat stability, better UV stability, 
less plate out, better clarity and better economics. An ex- 
ample of a QUV weathering test is displayed in FIG. 6. 
Again, the PVC stabilized with the phosphite blend de- 
scribed for FIG. 5 developed less color over time when 
compared to the mixed heavy metal stabilizers. 

[0031] FIG. 7 clearly indicates the nonvolatile nature of the addi- 
tives of the instant invention when compared to Prior art 
products. Scrap losses from moisture blush, caused by 
heavy metals, and from plate out, along with associated 
downtime from color change cleanouts, are minimized. 
Volatiles cause both environmental problems and plate 
out. The phosphites of the instant invention contain es- 
sentially no solvents, and have far less volatility than tra- 
ditional mixed metal stabilizers. 

[0032] one difficulty in replacing mixed metal stabilizers based 
upon the toxic metals barium and cadmium is based on 



the fact that since the advent of the liquid mixed metal 
phosphite stabilizers, compounders have effectively lost 
the ability to independently vary the ratio of metals to 
phosphite esters which has been controlled by the manu- 
facturer. It has now been found as shown in the results to 
follow, that mixed metal stabilizers based upon toxic 
metals, barium and cadmium can be reduced substantially 
by simply reducing the barium-cadmium or barium-zinc 
stabilizer level and replacing it with a mixed high effi- 
ciency phosphite ester based composition and concur- 
rently maintaining or adjusting the overall zinc level in the 
vinyl compound to achieve or maintain a level of zinc of 
50 to 800 ppm resin, preferably, 100 to 500 ppm resin by 
either including a small amount of an active zinc com- 
pound in the phosphite ester or adding the appropriate 
amount of zinc separately as a simple zinc salt, e.g., zinc 
stearate. Phrased alternatively, what has been shown to be 
effective are the following molar percentages: approxi- 
mately 0.05-0.4% zinc to 4-10% phosphorus, more 
preferably, 0.1-0.3% zinc to 5-8% phosphorus, most 
preferably 0.15-2.5% zinc to 6-7% phosphorus. Alterna- 
tively, on a molar ratio of P/Zn of approximately 80:1 to 
4:1, more preferably 75:1 to 6:1, most preferably, 73:1 to 



8:1. 

[0033] As further shown in the tables to follow, when the levels 
of commercial mixed metal stabilizers are reduced and 
replaced with the phosphite ester-based compositions, 
several ancillary properties of the vinyl compound, such as 
initial color retention, oven aging, clarity, plate-out resis- 
tance, and compatibility improve dramatically. 

[0034] Additionally, mixed metal stabilizers based upon barium 
and cadmium can be completely replaced by the phos- 
phite ester based compositions of the invention by slightly 
increasing the epoxy plasticizer levels of the vinyl com- 
pounds and employing effective levels of high efficiency 
phosphite compositions containing or used in conjunction 
with specific low levels of zinc in the substantial or com- 
plete absence of any other metallic stabilizer components. 

[0035] with conventional mixed metal stabilizer systems which 
employ phosphite esters and epoxy plasticizer primarily 
as secondary heat stabilizers, exudation problems can oc- 
cur at elevated levels of phosphite and epoxy. It has been 
found that by removing the barium and cadmium salts 
and avoiding any soluble alkali or alkaline earth metal 
compounds completely, and by relying only on the pres- 
ence of extremely low levels of zinc compounds, high ef- 



ficiency phosphite esters and epoxy plasticizers can, in 
fact, be employed at levels sufficient to impart adequate 
stability without giving rise to the incompatibility prob- 
lems associated with the state-of-the-art mixed metal 
stabilizer systems at the same levels of phosphite and 
epoxy. It is surprising and highly unexpected that the 
phosphite ester compositions impart adequate stability 
even in the absence of the metal stabilizers typically used. 
[0036] Commercially used phosphites can be divided into several 
categories based on the structure of the alcohols that are 
used to synthesize the phosphite ester, and all illustrative 
of phosphite esters suitable for use in the invention. 

[0037] 



Category Name Structure 
Aryl Phosphites 

#1 Tris(nonylphenyl) phosphite 
(DOVERPHOS®4) 

#2 Triphenyl phosphite 
(DOVERPHOS® 10) 

Bisphenol-A Phosphites or BPA Phosphites 

#3 Alkyl (C 12 -i 5 ) BPA phosphite 
(DOVERPHOS® 613) 



(c 12 . 15 h 2 „iO) 2 -p-oVQ 




C(CH 3 ) 2 



#4 Alkyl (C 10 ) BPA phosphite 
(DOVERPHOS® 675) 

Alkyl Phosphites 

#5 Triisodecyl phosphite 
(DOVERPHOS® 6) 

#6 Triisotridecyl phosphite 
(DOVERPHOS® 49) 

#7 Trilauryl phosphite 
(DOVERPHOS® 53) 

#8 Triisooctyl phosphite 
(DOVERPHOS® 74) 



(C 10 H 21 0) 2 - P-°^Q)^ -C(CH 3 ) 2 



(iso-C 10 H 21 )— O- 



-"3 



C13 H26 O 



-> 3 



Ci 2 H 25 O- 



(iso-C 8 H 17 )— O- 



->3 



[0038] 



Dipropylene Glycol Phosphites or DPG Phosphites 

#9 Tetraphenyl DPG diphosphite (DOVERPHOS® 11) 



CH 3 CH 3 
-CHCH 2 0— CH 2 CHO-P 



#10 Poly DPG phenyl phosphite (DOVERPHOS 12) 

~CH 3 



a k CH 3 CH 3 . 

<|^QWO--P-0--CHCH 2 0--CH 2 CHO--P-0-/Q\ 



- J 2 

Dialkyl/Aryl Hydrogen Phosphites 

#1 1 Diphenyl phosphite 
(DOVERPHOS® 21 3) 

#12 Diisooctyl phosphite 
(DOVERPHOS® 298) 

Alkyl/Aryl Phosphites 

#13 Phenyl diisodecyl phosphite 
(DOVERPHOS® 7) 

#14 Diphenyl isodecyl phosphite 
(DOVERPHOS® 8) 

#1 5 Diphenyl 2-ethylhexyl phosphite 
(DOVERPHOS® 9EH) 



O 

II 

( iso-C 8 H 17 )— O- F>- O— (iso-C 8 H 17 ) 
H 



O-P«O-C 10 H 2 i 



-I 2 



■P-O-CmH 



10"21 




O 



C 2 H 5 

■P-0-CH 2 CHC 4 H 9 



Pentaerythritol Phosphites or PE Phosphites 

#16 Diisodecyl PE diphosphite 



(DOVERPHOS® 1220) 



C10H21 — O— P^ 




P-O-C 10 H 21 



#17 



(DOVERPHOS® 9708) 



i — v / — O— P— O— C 10 H 2 i 



[h 21 c 10 -o]-p-o 

|h 2 iCi 0 — O^-P-0 — ' ^— 0-P--0-C! 



p-Cumyl Phenol Phosphites or PCP Phosphites 

#18 Mono PCP diisodecyl CH 3 
phosphite 

CH 3 



- 2 

0H21 



O-P 



0— C 10 H 21 



->2 



#19 



(DOVERPHOS® 479) 



(C 12 .i 5 H 2M i 0) 2 — P-O— /Q 



C(CH 3 ) 2 



f-Bu 



->2 



[0040] The phosphite ester-based compositions of the present 
invention, used in flexible polyvinyl chloride compounds 
may partially or completely replace mixed metal PVC heat 
stabilizers containing toxic metals such as barium or cad- 
mium without significantly detracting from the process- 
ability or initial color retention of the PVC compounds. 

[0041] The phosphite ester-based compositions may consist of 
one or more phosphite esters and either contain or are 
used in conjunction with a small, but effective amount of 
an active zinc compound sufficient to ensure that the 
overall zinc level in the vinyl compounds (based on 100 



parts per hundred parts resin, i.e., phr) falls within a 
range of about 50 to about 800 ppm, more preferably 100 
to about 500 ppm based upon the PVC resin. The active 
zinc compounds may be selected zinc salts, particularly 
zinc carboxylates, which would preferably include these 
soluble chemical moieties: zinc octoate, zinc 
2-ethylhexoate, zinc hexoate, zinc neodecoate, zinc, de- 
coate, zinc dodecanoate, zinc isostearate, zinc oleate; as 
well as these insoluble chemical moieties: zinc stearate, 
zinc tallow fatty acids, zinc palmitate, zinc myristate, zinc 
laurate, and zinc benzoate, although it is well within the 
skill of those in the art to determine other effective zinc 
compounds. 

[0042] The phosphite ester-based stabilizer compositions further 
can totally replace commercial mixed metal PVC heat sta- 
bilizers containing toxic metals such as barium and cad- 
mium from commercial flexible PVC compounds without a 
significant reduction of the heat processing stability or 
color stability of commercial flexible PVC compounds 
when used in conjunction with an effective amount of an 
epoxidized soybean oil plasticizer. 

[0043] The phosphite ester-based stabilizer compositions further 
may be used in conjunction with an effective amount of 



organic costabilizers such as epoxy plasticizers, phenol 
antioxidants and beta diketones. 
[0044] phosBooster™ phosphite ester-based compositions repre- 
sentative for use in the present invention are disclosed in 
Table I whereby the specific phosphite ester (see Exam- 
ples A, C and G) or phosphite-ester blends (see Examples 
B, D and E) are disclosed as a percentage by weight in ad- 
dition to the amount of added zinc. 

[0045] 



PhosBooster™ Invention Examples 
Compositions (% by weight) 







A 


B 


C 


D 


E 


F 


G 


Phosphite 


Doverphos® 675 




78.5 


97.0 


18.0 


73.0 




91.0 




Doverphos® 613 


98.0 
















Doverphos® 1 1 




19.0 














Mono PCP diisodecyl 












97.0 






Doverphos® 9708 








12.5 










Doverphos® 7 








54.0 










Doverphos® 53 










24.0 






Zinc 


Octanoate (20% Zn) 


2.0 


2.5 


3.0 


1.2 


3.0 


3.0 


8.0 


Plasticizer/Other 


Dibenzoyl methane 








2.3 






1.0 




Epoxidized soybean oil 








12.0 









[0046] six commercial barium and cadmium containing stabiliz- 
ers listed below were used for comparison purposes in 
testing. These sample compositions are listed below with 
their relative active metal content analysis in Table II as 
measured by acid hydrolysis in methylene chloride fol- 
lowed by aqueous solvent extraction. 

[0047] 



Table II 


Prior Art Examples 




u m 


V (2) 


w (3) 


x w 


Y ( 5 > 


Z (6) 


%Ba 


0.0 


11.3 


5.1 


9.4 


11.4 


9.0 


%Cd 


0.0 


0.0 


6.4 


0.0 


0.0 


0.0 


%Zn 


2.7 


2.2 


0.9 


1.8 


2.1 


2.3 


%Ca 


7.2 


0.0 


0.0 


0.0 


0.04 


0.0 



(D 


Commercially available Zn/Ca additive 


(2) 


Commercially available Ba/Zn (OMG 2379) 


(3) 


Commercially available Ba/Cd/Zn 




(Thermochek 2379) 


(4) 


Commercially available Ba/Zn (OMG 2342) 


(5) 


Commercially available Ba/Zn/Ca additive 


(6) 


Commercially available Ba/Zn (OMG 2327) 



[0048] The comparative testing used PVC resin, having an intrin- 
sic viscosity of 1.02. All formulations were mixed for ten 
minutes with a Hobart bowl mixer. A two-roll mill, set for 
0.75 mm sample thickness was used to process the PVC 
samples with a front roll speed set to 30 rpm and a back 
roll speed set to 33 rpm. The samples were milled at 
180°C for four minutes unless otherwise specified. 

[0049] a Mathis thermotester oven was used for short term static 
heat stability testing. Milled samples were cut into strips 
(1.8 cm x 25 cm) and tested at 185°C for two hours. Per- 
formance was evaluated via yellowness index values using 
a HunterLab D25 A optical sensor. For accelerated weath- 
ering, 7.5 mm x 7.5 mm plaques of milled samples were 
pressed using a Genesis Press (Wabash) at 180°C and 3 



psig for 30 seconds, followed by 25 psig for 3.5 minutes. 
Heated molds were then cooled under 25 psig for 8 min- 
utes. Testing was completed with a Q-U-V Accelerated 
Weathering Tester (Q-Panel Co.) at 60°C. Performance was 
evaluated through yellowness index values. For clarity 
testing, milled stock was press polished for 5 minutes at 
177°C to 0.125 inch (0.32 cm) thickness. The samples 
were then ranked according to relative clarity. With sam- 
ples used in the clarity testing, calcium carbonate was 
omitted in order to render the analysis meaningful. For 
plate out testing, the samples were milled with 0.2 phr 2B 
red dye for five minutes at 182°C. The millings were then 
followed with a White clean-up mill sheet compound ac- 
cording to industry standards. The samples were then 
ranked according to relative plate out resistance. For 
compatibility testing, milled stock was cut into strips and 
aged for 30 days at 71°C and 100% relative humidity. 
Samples were then ranked according to relative color re- 
tention and tendency to spew. For relative clarity, 1/8" 
(0.32 cm) plaques were pressed at 190°C for 2 minutes, 
then compared against a printed background for relative 
crispness of letters through the plaques. For stabilizer 
volatility, a percentage weight loss was measured as a dif- 



ference between the start and end weight of the stabilizer 
samples as measured in an oven after two (2) hours at 
110°C. 

[0050] Example 1. Four stabilized flexible PVC resin formulations 
(two Prior Art, i.e., compositions V and W as well as two of 
the instant invention, i.e., compositions B and C) were 
made in accordance with the components and quantities 
thereof as shown in Table III. 



[0051] 



Table III 


Component 


Parts 


PVC Resin 


100 


Plasticizer 


40 


Epoxidized soybean oil 


5 


Stabilizing blend 


3 



[0052] The Yellowness Index was measured for two prior art sta- 
bilizer additive packages in contrast to two compositions 
of the instant invention in Table IV in a short term static 
heat stability test. As is clearly seen in the table, the heat 
stability was not only equivalent to, but superior to Prior 
Art formulations, but without additional heavy metals. 
Equally significant to the fact that the heavy metal of Ba in 
the case of Prior Art formulation V and of Ba and Cd in the 
case of Prior Art formulation W, were eliminated in the 
formulations of the invention, but additionally resulted in 



[0053] 



superior clarity, a highly desirable feature in PVC signage. 
Also of note is the observation that the mixed phosphite 
blend, namely Example B, demonstrated superior perfor- 
mance (37.5 Yl at 110 minutes) at a lower level of zinc 
(150 ppm) in comparison to Example C (65.9 Yl at 110 
minutes) in which only one phosphite was used with zinc 
present in a slightly higher level (180 ppm), an unex- 
pected result. 



Table IV 



Color (Yellowness Index) Value 



Time(min) Prior Art Prior Art B C 
V W (1 50 ppm Zn) (1 80 ppm Zn) 

0 2.9 2.4 1.3 1.6 

30 6.1 4.0 2.9 2.9 

60 15.5 19.6 6.5 7.4 

90 33.0 63.3 22.5 26.3 

110 57.6 140.0 37.5 65.9 

Clarity Poor Fair Excellent Excellent 



[0054] Example #2. Five stabilized flexible PVC resin formula- 
tions (two Prior Art, i.e., compositions X and Y as well as 
three of the instant invention, i.e., compositions D, E and 
F) were made in accordance with the components and 
quantities thereof as shown in Table V. 



[0055] 



Table V 



Cnmnonent 


Parts 


PVC Rpsin 


100 




35 


Epoxidized soybean oil 


3 


CaC0 3 


20 


Stearic Acid 


0.2 


Stabilizing blend 


2.5 



[0056] The Yellowness Index was measured for two prior art sta- 
bilizer additive packages in contrast to three compositions 
of the instant invention using the compositions of Table V 
in a short term static heat stability test. As is clearly seen 
in the following Table VI, the heat stability was not only 
equivalent to, but superior prior art formulations, but 
without additional heavy metals. Additionally, the volatility 
of the stabilizers was significantly less than that exhibited 
by Prior Art formulations, which is directly attributable to 
plate out, which increases with volatility as evidenced by 
the red to pink color of the clean out sheet, an undesir- 
able feature for PVC sheets or films. Once again, and un- 
expectedly, superior performance was observed for a 
blend of three phosphites (Example D) in comparison to a 
blend of two phosphites (Example E), at even lower values 
of zinc (72 ppm in comparison to 180 ppm). 



[0057] 



Table VI 



Color (Yellowness Index) Value 



Time (min) 


Prior Art 

X 


Prior Art 
Y 


D 

(72 ppm Zn) 


E 

(loU ppm Zn; 


F 

(i oU ppm zn; 


0 


1.7 


2.4 


1.8 


1.5 


1.6 


15 


2.7 


2.6 


2.4 


1.7 


2.6 


60 


19.4 


16.9 


11.2 


12.1 


16.1 


105 


28.4 


26.8 


20.7 


20.1 


20.3 


165 


Char 


44.7 


43.7 


44.9 


Char 


% weight loss 


20.1 


12.3 


1.1 


0.6 


0.2 


Color of 
clean out sheet 


Bright Red 
to Pink 


Light Pink 


White 


White 


White 



[0058] Example #3. Two stabilized flexible PVC resin formula- 
tions (one Prior Art, i.e., composition U as well as one of 
the instant invention, i.e., composition A) were made in 
accordance with the components and quantities thereof as 
shown in Table VII. 

[0059] Table VII 



Component 


Parts 


PVC Resin 


100 


Impact Modifier 


11 


Epoxidized soybean oil 


15 


Processing Aid 


3 


Surfactant 


3 


Lubricant 


1.0 


Stabilizer 


1.3 



[0060] The Yellowness Index was measured for the prior art sta- 
bilizer additive package in contrast to a composition of 
the instant invention using the composition of Table VII in 
a short term static heat stability test. As is clearly seen in 



the following Table VIII, the dynamic and static heat sta- 
bility were not only equivalent to, but superior to a Prior 
Art formulation, but without additional heavy metals. 

[0061] Table VIII 

Color (Yellowness Index) Value Color (Yellowness Index) Value 





Prior Art 
U 


A 

(120ppm) 




Prior Art 
U 


A 

(120ppm) 


Time 


Dynamic Thermal Stability 


Time 


Static Thermal Stability 


(min) 






(min) 






0 


15 


7 


0 


5.2 


3.1 


3 


26 


14 


10 


8.3 


5.0 


6 


45 


30 


20 


12.7 


6.4 


9 


62 


51 


30 


18.5 


13.2 


12 


96 


78 


40 


30.1 


18.1 


15 


Char 


Char 


50 


39.4 


29.8 


18 






60 


52.1 


46.7 








70 


Char 


72.1 








80 




Char 



[0062] Example #4. While levels of Zn in the range of 100-500 
ppm are believed to be preferred, depending on the level 
of performance desired by the end-user, higher levels of 
Zn, e.g., 480 ppm can be added to the system, but still 
achieve acceptable performance. 

[0063] Table IX 



Component 


Parts 


PVC Resin 


100 


Plasticizer 


41 


Epoxidized soybean oil 


3 


CaC0 3 


40 


Surfactant 


3 


ATH 


5 


Lubricants 


0.25 


Stabilizer 


2 



[0064] The Yellowness Index was measured for the Prior Art sta- 
bilizer additive package in contrast to a composition of 
the instant invention using the compositions of Table IX in 
a short term static heat stability test. As is clearly seen in 
the following Table X, the heat stability was not only 
equivalent to, but superior prior art formulation, but with- 
out additional heavy metals. Additionally, the volatility of 
the stabilizers was significantly less than that exhibited by 
Prior Art formulations, which is directly attributable to 
plate out, which increases with volatility as evidenced by 
the red to pink color of the clean out sheet, an undesir- 
able feature for PVC sheets or films. 

[0065] Table X 

Color (Yellowness 



Index) Value 


Time (min) 


Prior Art 


G 


Z 


(480 ppm) 


0 


8.9 


6.1 


20 


9.5 


7.3 


60 


15.8 


12.1 


110 


30.7 


28.9 


% weight loss 


36.1 


0.9 


Color of clean out sheet 


Bright Red 


White 




to Pink 





[0066] Example #5. The impact of Zn level with any one particu- 
lar class of phosphite ester is was compared by using the 
formulation illustrated in Table XI with various levels of 
zinc in various phosphite stabilizers shown in Table XII. 



The level of zinc was varied from 0 ppm to 400 ppm. 

[0067] 



Table XI 



Component Parts 

PVC Resin 100 

Plasticizer 45 

Epoxidized soybean oil 5 

CaCOa 20 

Stearic acid 0.25 

Phosphite 2 



[0068] 



Time (min) 




Color (Yellowness Index) Value 




Doverphos® 675 


0 ppm Zn 


50 ppm Zn 


200 ppm Zn 


400 ppm Zn 


0 


51.9 


14.1 


o.y 


3.5 


20 


62.7 


14. y 


4.D 


3.2 


50 


72.5 


50.2 


13.1 


12.0 


70 


91.5 


66.8 


23.5 


26.1 


90 


100.7 


75.2 


39.6 


58.3 


110 


135.4 


88.5 


61.2 


Char 


Doverphos® 12 










0 


50.2 


14.1 


2.9 


3.0 


20 


60.4 


15.6 


3.5 


3.2 


50 


75.2 


55.9 


12.8 


11.5 


70 


89.3 


75.2 


23.9 


19.4 


90 


100.1 


89.0 


38.7 


36.4 


110 


131.8 


98.8 


59.4 


67.6 


Doverphos® 9EH 










0 


51.9 


9.2 


4.1 


3.0 


20 


65.2 


12.8 


4.7 


4.0 


50 


74.9 


55.6 


12.8 


11.5 


70 


96.2 


66.6 


22.5 


37.3 


90 


108.6 


75.4 


45.5 


Char 


110 


132.7 


87.4 


116 





[0069] 



It is seen that while there is a minimal value of zinc that 
must be added in order to achieve similar or superior sta- 
bilization, beyond a critical value of zinc, continued addi- 



tion of zinc is detrimental to the system. 
[0070] Example #6. Roofing Membrane. A stabilization for a 

roofing membrane composition was performed using the 
composition of Table XIII was formulated using 4.5 phr of 
stabilizer, the Yellowness Index results of which are 
shown in Table XIV for several Prior Art additives. 



[0071] 



[0072] 



Table XIII 



Component Parts 

PVC Resin 100 

Plasticizer 45 

Epoxidized soybean oil 5 

CaCOs 20 

Stearic acid 0.25 

Phosphite various 



Table XIV 


Time (min) 




Color (Yellowness 


Index) Value 






Ba/Cd 


Ba/Zn 


Ba/Cd/Zn 


B 


0 


1.4 


1.2 


1.6 


1.5 


30 


1.7 


1.5 


2.2 


1.7 


75 


8.9 


9.9 


8.3 


5.8 


120 


12.7 


16.7 


10.8 


9.9 


150 


15.7 


21.9 


15.1 


14.4 



[0073] The phosphite blend illustrated by Example B outper- 
formed all heavy metal stabilizers, without the need to in- 
corporate the heavy metals. 

[0074] Example #7. A stabilization for a pool liner composition 
was performed using the composition of Table XIII was 
formulated using 3.5 phr of stabilizer, the Yellowness In- 



dex results of which are shown in Table XV for several 
Prior Art additives.. 

[0075] Table XV 



Time (min) Color (Yellowness Index) Value 





Ba/Cd 


Ba/Zn 


Ba/Cd/Zn 


B 


0 


1.7 


1.1 


1.6 


1.2 


20 


2.2 


1.9 


2.3 


1.5 


40 


4.1 


3.5 


3.5 


3.3 


70 


11.8 


8.1 


9.8 


7.7 


100 


16.2 


22.7 


21.8 


13.2 


120 


23.0 


36.0 


32.5 


21.9 



[0076] Once again, the phosphite blend of Example B demon- 
strated superior performance at equal loadings of stabi- 
lizers. 

[0077] Example #8. A stabilization for a wall covering composi- 
tion was performed using the composition of Table XIII 
was formulated using 4 phr of stabilizer, the Yellowness 
Index results of which are shown in Table XVI for several 
Prior Art additives. 

[0078] Table XVI 



Time (min) Color (Yellowness Index) Values 





Ba/Cd 


Ba/Zn 


B 


0 


1.9 


1.9 


1.7 


20 


2.1 


2.1 


1.9 


50 


8.0 


12.4 


8.4 


70 


15.0 


21.9 


14.0 


100 


29.3 


32.7 


23.5 


120 


Char 


Char 


40.6 



[0079] The phosphite blend of Example B outperformed the Prior 
Art without the need to incorporate heavy metals. 



[0080] Example 9. A stabilization for a flooring plastisol compo- 
sition was performed using the composition of Table XIII 
was formulated using 5.5 phr of stabilizer, (reduced level 
3.8 phr) the Yellowness Index results of which are shown 
in Table XVII for several Prior Art additives. 

[0081] Table XVII 



Time (min) Color (Yellowness Index) Values 





Ba/Cd 


B 


B (70%) 








replacement 


0 


1.8 


1.7 


2.1 


10 


2.5 


2.1 


2.7 


25 


6.1 


5.1 


6.3 


40 


22.1 


14.3 


16.7 


50 


43.7 


21.8 


27.2 


60 


60.06 


33.9 


60.0 



[0082] The phosphite blend of Example B outperformed the Prior 
Art without the need to incorporate heavy metals. Even a 
partial replacement was able to demonstrate equivalent to 
superior performance of the Prior Art Ba/Cd stabilizer. 

[0083] Example #10. While complete replacements of existing 
Prior Art additive packages are envisioned, there is no 
need to limit the invention to such. In fact, partial replace- 
ments are within the scope of the invention, such replace- 
ments ranging from 0.01% to 100% of the Prior Art addi- 
tive as illustrated in Tables XVIII and XIX. 



[0084] 



Table XVIII 



Component Parts 

PVC Resin 100 

Plasticizer 55 

Epoxidized soybean oil 3 

Ti0 2 7 

Stearic acid 0.3 

Stabilizer 3.5 



[0085] 

L J Table XIX 

Time (min) Color (Yellowness Index) Values 

W B (50%) 

replacement 
0 1.1 0.8 

20 1.9 1.7 

40 2.5 2.3 

80 13.4 10.4 

100 22.7 14.9 

120 Char 25.3 

[0086] Example #11. The performance of a substituted bisphe- 
nolic phosphite ester, DOVERPHOS 479 was compared to 
other phosphite esters using the formulation illustrated in 
Table XX with data as shown in Table XXI. 

[0087] Table XX 

Component Parts 



PVC Resin 100 

Plasticizer 38 

Epoxidized soybean oil 3 

Stearic acid 0.2 

Zinc stearate (10% Zn 0.08 
by weight) 

Phosphite Various 



[0088] 



Table XXI 



Time Color (Yellowness Index) Value 



2phr 
Doverphos 4 
Time (min) at 180°C 


2 phr 1 phr 
Doverphos® 479 Doverphos® 479 


0.4 phr 
Doverphos® 479 


2 phr ® 
Doverphos 


0 


1.8 


2.5 


1.5 


1.5 


0.9 


20 


2.5 


2.9 


2.0 


1.9 


1.2 


50 


4.4 


4.5 


3.1 


3.0 


3.3 


80 


56.6 


9.4 


7.6 


16.5 


12.1 


110 


89.1 


13.4 


19.0 


Char 


45.3 


120 


char 


16.3 


30.0 




107 


Time (nrs) at 80 C 












0 


7.5 


8.3 


6.1 


6.2 


5.4 


48 


13.2 


12.8 


10.6 


11.1 


8.7 


144 


24.3 


21.5 


19.7 


21.5 


17.9 


192 


30 


25.2 


24.0 


26.0 


24.8 


240 


35.5 


29.0 


28.0 


30.6 


31.3 


336 


47.4 


35.9 


35.3 


38.8 


42.7 


408 


56.0 


41.1 


40.5 


45.0 


47.1 


480 


64.2 


46.2 


45.4 


50.7 


50.5 


Time (hrs) using Xenon Arc Weatherometer (63°C) 








0 


7.5 


8.3 


6.1 


6.2 


5.4 


24 


12.8 


9.7 


6.4 


6.2 


5.6 


120 


31.4 


22.0 


13.3 


13.3 


7.9 


168 


34.9 


24.4 


21.8 


16.4 


9.1 


263 


37.0 


35.3 


22.4 


17.3 


11.3 


287 


50.0 


50.0 


25.4 


17.5 


12.8 



[0089] Therefore, what has been shown is an effective replace- 
ment of Prior Art mixed metal stabilizers whereby at least 
a portion of the mixed metal stabilizer is substituted with 
an effective amount of phosphite ester / zinc combina- 
tion, such effective amount determined as the addition of 
a sufficient amount to effect a positive change in a Yel- 
lowness Index value over a composition which had previ- 
ously been stabilized with a mixed metal stabilizer. 

[0090] The phosphite ester is selected from the group consisting 



[0091] 



of aryl phosphites, alkyl phosphites, aryl/alkyl phosphites, 
bisphenol-A phosphites, dialkylene glycol phosphites and 
polydialkylene glycol phosphites, pentaerythritol phos- 
phites and p-cumyl phenol phosphites. As used in this 
application, the following formulas are derived from the 
specific examples provided and will have the following 



meanings: 



Aryl phosphites 



Alkyl phosphites 



<^4 



R 2 — -O- 



wherein: 

R 1 is independently 
selected from the group 
consisting of H, Cms alkyl, 
Cms alkoxy, halogens; and 

m is an integral value 
from 0 to 5 inclusive, and 
further wherein more 
preferably 

R 1 is independently 
selected from the group 
consisting of H and C1.9 
alkyl; and 

m is an integral value 
from 0 to 1 inclusive, 
wherein: 

R 2 is selected from 
the group consisting of Cms 
alkyl and further wherein 
more preferably, 

R 2 is selected from 
the group consisting of Cms 
alkyl. 



[0092] 



Alkyl/Aryl 
phosphites 



Bisphenol-A 
phosphites 



Polydialkylene 
glycol phosphites 



Pentaerythritol 
phosphites 




R 1 m 



O-P-O-R n 



3-n 



(R 3 -0) 2 -P-0- 



-C(CH 3 ) 2 



R 1 „ 



\(7)/— °" -P-O- -CHCH 2 0- -CH 2 CHO-P- 



wherein: 

R 1 , R 2 and m are as 
previously defined; and 

n is an integral value 
from 1 to 2. 
wherein 

R 1 is as defined 
previously; 

R 3 is Cg.18 alkyl and 
further wherein more 
preferably, is C10-15 alkyl; 
and 

m is as previously 
defined. 

CH 3 



R 4 -0-R 




P-O-R 4 



R 1 m 

wherein: 

R 1 is as previously 
defined; 

m is as previously 
defined; and 

p is an integral value 
from 0 to 1 inclusive, 
wherein: 

R 4 is selected from 
the group consisting of C 8 -ia 
alkyl; C6-30 aryl, C6-30 fused 
aryl rings, C7.35 alklaryl, Cr.35 
arylalkyl, and substituted 
derivatives thereof, wherein 



the substituents are selected 
from the group consisting of 
halogens, hydroxyl, 
alkyl, and C1.4 alkoxy and 
further wherein more 
preferably, 

R 4 is the same as R 1 . 
wherein: 

R 5 is independently 
selected from the group 
consisting of Ca-is alkyl; Cmo 
aryl, C^o fused aryl rings, 
C7-35 alklaryl, C7-35 arylalkyl, 
and substituted derivatives 
thereof, wherein the 
substituents are selected 
from the group consisting of 
halogens, hydroxyl, 
alkyl, and Ci^ alkoxy and 
further wherein, more 
preferably, 

R 5 is the same as R 1 . 

[0094] As illustrated in the data, complex polyphosphites such as 
Doverphos 12 and Doverphos 675 outperformed simple 
phosphite esters as replacements for heavy metal compo- 
nents of mixed metal stabilizers. The zinc level was im- 
portant to optimize the performance of the phosphite 
blends. Synergistic performances were observed with 
combinations of several phosphite esters, with the addi- 
tional benefit of cost effectiveness. Also, ancillary proper- 
ties of vinyl compounds such as clarity, light stability and 
plate out resistance improved markedly as polyphosphites 
replaced heavy metal components of mixed metal stabi- 



p-Cumyl phenol 
phosphites 




lizers. It is noted that the mixed phosphites can partially 
or totally replace conventional mixed metal stabilizers 
containing toxic metals such as barium and cadmium in 
many flexible PVC applications as well as a partial or total 
replacement for other metal-based stabilizers, such as 
calcium or tin. 

[0095] while not being held to any one theory of operation or 
mechanism of performance, it is believed that in the ab- 
sence of barium or cadmium or tin and in the presence of 
only low levels of zinc, the phosphite esters, either alone 
or in combination (i.e., PhosBoosters tm ) function as pri- 
mary heat stabilizers principally by replacing labile chlo- 
rides on PVC via the classical Arbuzov Rearrangement 

t m 

mechanism. PhosBoosters , when used at optimized lev- 
els in combination with catalytic amounts of zinc and nor- 
mal levels of epoxidized soybean oil provide excellent 
early color hold and adequate long term stability to flexi- 
ble PVC compounds. Their judicious use may com- 
pounders up to 25 percent reductions in stabilization 
costs. 

[0096] | n addition to saving money and eliminating toxic metals, 
the use of PhosBoosters tm mitigates the undesirable ancil- 
lary properties of vinyl compounds ordinarily associated 



with high use levels of barium and cadmium, namely, 
plate out, poor printability, viscosity drift in plastisols, 
haze, bloom, water blush and staining. PhosBoosters tm are 
colorless, clear, storage stable, low viscosity, nonvolatile, 
diluent free, 100% active liquids. Additionally, PhosBoost- 
ers tm can replace tin-based stabilizers facilitating a recent 
trend away from these types of stabilizers due to environ- 
mental and health concerns. The additives are essentially 
free of calcium, cadmium, barium and tin other than may 
be present in impurity amounts. 
[0097] This invention has been described in detail with reference 
to specific embodiments thereof, including the respective 
best modes for carrying out each embodiment. It shall be 
understood that these illustrations are by way of example 
and not by way of limitation. 



